The main objective of the present paper is to explore the effects of radiation exposure on the inhabitants near the Semipalatinsk Nuclear Tests Site (SNTS), Kazakhstan. Our research team of the Research Institute for Radiation Biology and Medicine, Hiroshima University, started in 2002 to conduct a field research study using questionnaire surveys. The present paper attempts to clarify health effects and mental problems on the inhabitants by using our questionnaire surveys.
INTRODUCTION
As is generally known, at Semipalatinsk Nuclear Tests Site (SNTS) in the republic of Kazakhstan, 456 nuclear tests were carried out from 1949 to 1989, including 111 atmospheric explosions between 1949 and 1963. 1) Because of those tests, according to the Kazakh government, approximately 1.6 million people suffered from the tests, and about 1.2 million people are still now troubled with the aftereffects. 2) Our research team at the Research Institute for Radiation Biology and Medicine, Hiroshima University started questionnaire survey near the SNTS in 2002. The survey ques-tions were prepared on the basis of the questionnaires of the former surveys by the former Ministry of Health and Welfare, municipality of Hiroshima and Nagasaki and Hidankyo (Japan Confederation of A-and H-Bomb Sufferers Organizations). We also collected testimonies concerning their experiences and feelings about the nuclear tests. They were the replies to an open-ended question appended to the survey questionnaire. To collect and leave behind these testimonies after they pass away is one of our research objectives.
The present paper focuses mainly upon the health conditions and mental diseases of the residents near the SNTS. For this research, we have tried to clarify their health and mental problems on the basis of the answers to the questionnaire survey. We expect to show an important part of the whole picture of the human suffering effects of the nuclear tests through this attempt. This study is the first attempt at the clarification of the effects of radiation exposure through a questionnaire survey.
In order to examine the effects of radiation exposure, we also try to demonstrate differences between the results in Semipalatinsk surveys and those in Hiroshima and Nagasaki surveys. Of course there are differences between Hiroshima/ Nagasaki and Semipalatinsk; the former is the real atomic-bomb damage and the latter is the nuclear tests. The radiation exposure in the former is instantaneous and direct, but the latter is protracted, chronic and indirect. 3) Nevertheless, there are some points common to both. In this paper we try to highlight these points.
DATA AND METHODS
Our questionnaire surveys were conducted three times from 2002 to 2004 in ten villages near the SNTS. They are Saryzhal, Dolon, Karauyl, Kainar, Burus, Bodene, Mostik, Cheremushki, Znamenka and Grachi with different radiation levels (see Fig. 1 and Fig. 2 ). The total number of replies was 706 and that of testimonies is 468. The details of the results of the questionnaire surveys are shown in Table 1 . The present paper uses two sets of data, 606 answers from the three surveys and 199 testimonies collected in the 2002 and 2003 surveys, excluding those from Kokpekti used as a control. According to the previous studies, 4, 5) Dolon, Bodene, Saryzhal, Mostik, Cheremushki were exposed to high radiation doses and Karauyl, Kainar, Znamenka, Burus received rather low doses ( Table 2 ). The researchers of radiation dosimetry continue to study the estimated radiation dose in the Semipalatinsk area. 6) Table 3 shows the part of the 20 questions in the questionnaire discussed in the present paper. As a general rule, study subjects are those above the age of 45, who resided in the ten villages between 1949 and 1962 and who still reside there.
We took special care to protect the human rights and privacy of respondents. In addition, we obtained their informed consent to publish their responses and the results of our analysis of their information.
For better understanding of the effects of radiation exposure at Semipalatinsk, the authors attempted the comparison of the Semipalatinsk results with those of the surveys in Hiroshima and Nagasaki. The data are the results of two investigations conducted by Nagasaki city in 1999-2000 7) and Hiroshima city in 2002. 8) 
RESULTS AND DISCUSSION

Age and sex of the subjects
Mean age of the subjects in the 2002 survey was 61.6 ± 6.8 years old. There were 84 males and 86 females excluding 1 person who gave no answer to the gender question. The average age of the subjects in the 2003 survey was 65.4 ± 7.1 years old. There were 115 males, 136 females and 1 unknown. The mean age of the subjects in the 2004 survey was 65.1 ± 9.3 years. There were 120 males and 160 females.
Health effects on the residents (1) Present health condition
We asked the residents near the SNTS their general health condition. As a result, 33% of respondents (198 of 606 persons) answered bad or very bad. 59% of respondents (358 ever, we can point out that the inhabitants in Semipalatinsk share the perception of their bad health condition with those in Hiroshima and Nagasaki.
(
2) Causal relationship between health condition and the nuclear tests
On average, 70% of the residents (424 persons) strongly recognize a causal relationship between their bad health condition and the nuclear tests (Table 5 ). In the cases of Saryzhal, Karauyl, Kainar and Cheremushki, over 80% of the respondents recognize the causal relationship between the phenomena. Saryzhal and Cheremushki were regarded as high radiation dose village, and Karauyl and Kainar were considered to receive rather a low dose. In addition, in the case of Mostik, regarded as a high radiation dose village, few persons admitted a causal relationship between the phenomena. We could not detect a causal relationship between their recognition and radiation dose. However, we have to point out that in the Mostik case, very few (only 4% of respondents) denied the causal relationship. Furthermore, more than half of the testimonies expressed the relationship between bad health condition and nuclear tests (see Appendix).
The residents near the SNTS are still troubled with ill health. Most of the residents recognize strongly that their bad health condition is caused by the nuclear tests.
3) The diseases at present
The result of the survey of present symptoms is shown in Table 6 . The diseases that over 30% of respondents possessed are arthralgia/ lower back pain/ arthritis, high-blood pressure, heart disease and digestive system disease. Table 7 shows the result of the comparison with the Hiroshima and Nagasaki surveys. The ratio of those having arthralgia/ lower back pain/ arthritis, high-blood pressure, heart disease, respiratory disease and liver disease was higher in the Semipalatinsk survey than that of the Hiroshima and Nagasaki surveys. However, we could not find large differences between Semipalatinsk and Hiroshima/Nagasaki. It can be safely said that people in Semipalatinsk have many symptoms in the same way and in the same degree as Hibakusha (A-bomb survivors) in Hiroshima and Nagasaki. Table 8 shows the result of the 2003 survey. The prevalences of high-blood pressure, heart disease, arthralgia/ lower back pain/ arthritis, and digestive system disease are relatively higher than for other diseases. 9) And the percentages of those who had high-blood pressure, heart disease, thyroiditis and digestive system disease in the exposed group is higher than those in the control group. (4) Prevalence of acute radiation injury from 1949 to 1962 Table 9 shows the incidence of acute radiation injury. On average, 29% of respondents (176 persons) experienced headaches, 26% of respondents experienced general malaise, 17% experienced nausea and 11% experienced lack of appetite. These injuries are usually regarded as an effect of radiation exposure and stresses associated with it. The prevalences of these injuries in Saryzhal, Dolon, Karauyl and Kainar are higher than those in other villages. We could not detect a causal relationship between this result and radiation dose. However, the result of surveying acute radiation injury symptoms shows there is a possibility that the residents near the SNTS experienced acute radiation injuries between 1949 and 1962. Table 10 shows the comparison with those of Hiroshima and Nagasaki. The ratios of those who had fever, dermatological irritation, or mucositis are the almost the same. We can point out that the residents in Semipalatinsk suffered from acute radiation injury in the same way as the Hiroshima and Nagasaki Hibakusha . Table 11 shows the mental condition of the residents from 1949 and 1989. 22% of respondents (134 residents) felt frustrated/agitated, 21% (125 residents) experienced nightmare and 13% (81 persons) felt depressed. The percentages of those in the four villages; Saryzhal, Dolon, Karauyl and Kainar were higher than in other villages. We could not demon- strate a causal relationship between their mental condition and radiation dose. Table 12 shows the results of comparison with those of Hiroshima. Judging from almost the same numerical ratios, both sets of people were troubled by nightmare and easily frustrated and agitated. It is pointed out that Hibakusha in Hiroshima and Nagasaki suffered from PTSD (posttraumatic stress disorder) as the aftereffects of radiation exposure. 10) Taooka also reported on the possibility of the PTSD symptoms among the inhabitants in Semipalatinsk by using our 2003 surveys. 9) We can safely say that not a few inhabitants around the SNTS have suffered from mental diseases. In addition, we indicate that 14 persons of 199 respondents mentioned suicide which relates to mental disease. We even came across in interviews with people accounts of many young people committing suicide. There are also other testimonies related to mental diseases. Those examples are shown in the Appendix.
Mental diseases of the residents
CONCLUSION
The present paper focused on the effects of radiation exposure through the aspects of health effects and mental problems. First, we pointed out that 33% of respondents (198 persons) answered that they suffered bad or very bad health. Second, we showed that approximately 70% of the residents (424 persons) strongly recognize a causal relationship between their bad health condition and the nuclear tests. Third, we pointed out that over 30% of respondents possessed arthritis, high-blood pressure, heart disease and digestive system disease. We also pointed out that the residents in Semipalatinsk have many symptoms in the same way and to the same degree as Hibakusha in Hiroshima and Nagasaki. Next, we showed that the residents experienced some acute radiation injuries such as headaches, general malaise and nausea and lacked appetite from 1949 to 1989, and that the residents near the SNTS suffered from acute radiation injury in the same way as Hiroshima and Nagasaki Hibakusha . Furthermore, we showed that 22% of respondents (134 residents) were frustrated/ agitated, 21% (125 residents) experienced nightmare and 13% (81 persons) felt depressed. We pointed out that both the residents near the SNTS and the Hiroshima/Nagasaki Hibakusha were troubled by nightmare and easily frustrated and agitated.
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